Abstract-Relative transition probabilities for 18 infrared (i.r.) lines arising from excited doublets levels of Tl I and 68 lines belonging to the Ar (4p-3d), (4p-5s) and (4s-4/>) transition array, and coming from the upper levels 3d[3/2],, 3rf [7/2]
INTRODUCTION
Relative transition probabilities for Is-np, 6p-ns and 6p-nd\.r. lines of Tl I have been the subject of numerous theoretical studies using a variety of simple models which have been based on the one-electron central-field approximation, Anderson et al, 1 Migdalek, 2 Neuffer and Commins 3 and Bardsley and Norcross 4 among others; for these lines there are no published experimental studies, and this situation has prompted the present measurements. In this study I also give transition probabilities for 68 i.r. lines of Ar I which are the subject of few experimental and theoretical studies.
The method used to determine transition probabilities was similar to that employed in previous studies. 5 " 7 We measured emission intensities of lines arising from the same upper level to determine relative transition probabilities, whose values become independent of the upper level population when working with optically-thin light sources. 8 Transition probabilities are obtained on an absolute scale by using line-strength sum-rules, 9 and the Coulomb approximation for i.r. lines of Ar I. The results are compared with the intermediate-coupling calculation of Lilly, 10 who also used the Coulomb approximation, as well as with previously published experimental results of Wiese," 12 Tanarro 56 and Borge.
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Tl I transition probabilities also have been obtained on an absolute scale by using line-strength sum-rules and relativistic semiempirical method which included core-polarization effects, both in the model potential and in the transition matrix element. These experimental results are compared with theoretical calculations performed by other authors. To provide level energies of our calculations, the tables of Moore 14 have been used.
EXPERIMENTAL SET-UP AND PROCEDURE
The experimental set-up is similar to that described in a previous publication. 715 The spectral source used was an a.c. Tl arc lamp operating at 0.9 A, and the light path was 1 cm, the gas used to fill the tube was Ar at a pressure of 1 torr. The wavelengths of the measured transition are in a range from 7000 to 15,000 Á; the lines were selected by means of a 1 m Eagle monochromator, 16 having a 600 grooves/mm concave holographic grating, blazed at 9000 Á of 2 Á resolution in the •" was used; the i.r. light was chopped at a frequency of 450 Hz. The electronic system had consisted of a passband amplifier, an analog-digital converter and an analog phase-sensitive circuit which subtracts the half-periods of noise from the signal plus noise half-periods; the output of this circuit feeds a strip-chart recorder. The wavelength response of the spectrometric system was determined by using a calibrated tungsten-strip lamp; several emission spectra were recorded to obtain relative intensity with statistical incertainties of 5%.
For the i.r. measurements, absorption bands due to water vapour in the ambient air between 13,400 and 14,700 A, were avoided by inserting a drying compound into the monochromator (light path = 2 m); this situation can be appreciated in Figs. 1 and 2. The light path from the spectral source to the slit of the monochromator was only 5 cm; corrections due to this effect were negligible within the experimental error. The sensitivity of the detector system alloys measurements with optically-thin sources, avoiding systematic errors due to self-absorption; the Tl I and Ar I lines self-absorption tests were made by doubling the optical path by means of a mirror.
Absolute transition probabilities have also been obtained by combining our experimentally measured branching ratios with line-strength sum rules, viz.
where Sj¡-is the line strength for \nl, J} -• \n'V, J') transitions and \P"i(r)-r-P'" r (r)dr is the single-electron radial integral.
Since Tl is a many-electron system having a relatively simple valence configuration (6s 2 nl), the radial wavefunctions P"i(r) were obtained by numerical integration of the radial Schródinger equation including three terms in the Hamiltonian (Cowan 9 ): where a is the fine structure constant, E is the eigenvalue of the Schródinger equation, / and s are orbital and spin angular-momentum operators and V is a semiempirical potential given for Green et al, 18 that includes core polarization effects," and incorporate the finite sites of nucleus.
The core polarization potential,
is included in the one-electron Hamiltonian of each valence electron. The static dipole polarizability, ¡x p , of Tl I is set to the value (39.33 a.u.) and r 0 is equated to the mean (2.38 a.u.) of the outermost (nlj) orbital of the unpolarized parent ion, calculated by Fraga et al. 20 The transition matrix element is corrected for core polarization by replacing the dipole moment operator of the valence electron by
To incorporate the infinite site of the nucleus, the potential term is given for
where Rt> is the radius of the nucleus. Tables 1-4 are the result of statistical uncertainties (~5%) and uncertainties in the spectral response determination (-5%).
The present results are also compared in Tables 2, 3 and 4 with the theoretical values of Lilly,   10 which were obtained by using the same Coulomb approximation and intermediate-coupling scheme. In general, there is agreement with previously published experimental values and good agreement with the calculations of Lilly. In summary, in the present measurements, results have been obtained for Ar I that differ by ~ 10% from the mean experimental values and for Tl I, the results differ by 10-15% from the mean theoretical values; for these infrared lines there are no published experimental studies.
